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The preferred method of inspection in modern industrial organiza-
tions is statistical quality control, such as developed by the Bell Tele-
phone Laboratories and Western Electric. This procedure has contributed
to important reductions in costs and to substantial improvements in quality.
It is applicable to both large and small operations.
The use of statistical quality control has grown considerably in
the last two decades. In spite of this, many plants hesitate to install
this method of control possibly because management does not understand
the basic principles. The department head in charge of inspection for the
factory may desire to introduce quality control but has considered its
application impractical after reading numerous books on the subject that
were written from the viewpoint of higher mathematics, containing numerous
formulas and terminology not generally understood. This paper, then, is
for the practical man and for the operating or staff official whose under-
standing of the problems and the solutions involved will aid management in
the over-all aim of quality production at a reduced cost. The author has
confined himself to the essential methods and considerations that will be
readily understood and useful in establishing and making quality control
a working tool of quality production.
The leader in this field in the United States Bavy has been and
continues to be the Bureau of Ordnance. The author is indebted to J. D.
Parry of that bureau for his cooperation in giving his time and advice and
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The goal of competitive industry, as far as product quality is
concerned, can be clearly stated as follows: to manufacture a product of
quality at the most economical costs that will allow for fun customer
satisfaction. The system for attaining this goal is the subject of this
paper. Quality control may be defined as: "An effective system for
coordinating the quality maintenance and quality improvement efforts of
the various groups in an organization so as to enable production at the
most economical levels which allow for full customer satisfaction.
"
The accomplishments of American industry during and after World
War II are well-known. The quality attained in the manufacture of muni-
tions of all types is familiar history. The efforts to attain and hold
this high quality are neither familiar to most of us nor do they present
so pretty a picture. Much time and material were lost and continue to be
lost due to the poor quality of products found in the manufacturing process,
While our quality failures usually are found in the factory and not after
shipment, our techniques for doing this are excessively costly and waste-
ful. These wasteful techniques cannot be tolerated by any industry striv-
ing to maintain a competitive position. A new technique, known as
statistical quality control, is called for.
A. V. Feigenbaum, Quality Control, Principles, Practice, and
Administration (New York: McGraw-Hill Book Company, Inc., 1951 )> P» 9-

2Statistical quality control is a proven system for maintaining
high, standards of manufacturing quality at a minimum cost. It has made sub-
stantial contributions to manufacturing efficiency, effecting great savings
in the cost of production by preventing -waste, eliminating rework, and re-
ducing the amount of necessary inspection. By assuring a product of high
quality leaving the plant, and by providing a common measure of product
quality, statistical quality control assists in the development of under-
standing between producer and consumer. Mare and more in both private in-
dustry as well as in government circles, statistical quality control is
being recognized as the hallmark of efficient management. It has become
standard operating procedure in acceptance inspection programs of the
2
Department of Defense. Statistical quality control methods are easy to
apply and do not require extensive training or higher mathematics. The
routines necessary for effective programs of inspections for process control
as well as lot-by-lot inspections are rather simple. Plant equipment in
excess of that which is already on hand for the inspections currently being
conducted is not normally required.
To the uninitiated, statistical quality control may appear difficult
because the mathematical principles are not readily apparent. Once the
common sense of these principles is appreciated, management finds widespread
application for inspection and process control. This new approach provides
a scientific foundation for the correction of many trouble areas. The same
men, equipment, and plants in government operations, as well as private
industry, have demonstrated time after time that higher production of
vJ. S. Department of Defense, Supply and Logistics Handbook, Admin-
istration of Sampling Procedures for Acceptance Inspection . INSPECTION
H 105 (Washington: 195*0, P» 10.

quality products can be obtained at a lower cost "by application of these
scientific methods.
The remainder of this chapter outlines the principles, in a general
way, upon which quality control is "based. Those members of the management
team concerned with administration and application of quality control may
thereby have a general understanding of the subject.
Variation
The first step necessary to the understanding of quality control is
recognition of the variation of pieces produced in the same machine or
process. Two machined pieces, such as turned, tapered pins, may look
exactly alike, yet will differ slightly in all dimensions. Experienced
inspectors and production men are cognizant of small variations between
pieces even when the operation involves exceptionally stable manufacturing
conditions
.
This statement may be illustrated by means of a simple experiment:
Piece to piece variations follow a definite pattern, as may be shown by
testing and sorting a batch of the aforementioned tapered pins. For
example, if a box of pins is sorted into separate bins by measurement of
their maximum outside diameters [the piece to piece variation here is the
difference in the diameters], the pins having the smallest diameters being
placed in a bin at one end of the line and progressing up the line with the
maximum size at the opposite end, it is observed that the bins in the
middle area contain the greatest number of pieces. There appears to be an
ever-decreasing number of pins in the bins as one approaches the two ends.
If the pattern of variation were to be plotted, the bell shape curve—known
as the frequency distribution pattern—would result. Frequency distribution
furnishes a measure of the piece to piece variation of machine-made products.

The true "bell shape curve results only from plotting the values
of a large number of pieces. The frequency distribution of 1000 pins is
considerably smoother than that for, say, 100 pins. The tendency of the
distribution to become more regular -will continue indefinitely. The per-
fectly symmetrical distribution resulting from measuring an infinite number
of pieces is called a normal distribution. In using statistical quality
control, this theoretical pattern is of great importance.
In any manufacturing process it can be demonstrated that the
variation in the pieces forms a definite pattern. This pattern usually
follows the normal curve. Sometimes the curve of the variations will be
skewed in one direction or the other. The causes of skewness are readily
determined; even here the patterns follow the same general principles. The
cause of normal patterns may be shown by mathematical theory. Whenever a
large number of chance causes act on a process, a definite pattern of the
variations will result.
In any manufacturing process there are always a large number of
chance causes at work. These may be the unavoidable play in the bearings,
tension on springs, or simply human error in measuring, to name a few. In
the pins we have just considered, the variation of the one measurement in
question can be caused by any of the above, or even the slight wearing of
the grinding wheel. These small chance factors affect each piece inde-
pendent of each other. In the long run, factors in one direction tend to
cancel out the influences in the other, forming a definite pattern as pre-
viously mentioned. This pattern always exists in any manufacturing process,
and is repeated over and over again as long as the same causes are present.
Since the pattern of variation of the process repeats itself, we
can predict the limits of the process for the future as long as there is no

change in the chance causes. As long as the pattern remains the same there
is reasonable assurance that no new causes of variation have affected the
manufacturing process. This, then, is the scientific basis of statistical
quality control. Without the change in chance causes, the process repeats
itself hour after hour, and day after day, within the limits predicted.
When the pattern falls within the predicted tolerance limits, we may be
assured that the population [entire production] is acceptable and there need
be no concern over the individual pieces. Quality efficient production
results from this and the process is known as being in control.
Bie detection of something wrong is a simple process, once "the
limits are established. When there is a departure from the established
pattern, there is a sure sign that something is wrong; the product is being
affected by something more than the small chance factors. A basic change
has occurred in the operation; the cause of the abnormal variation must be
tracked down. In addition to the chance factoids previously mentioned, other
causes of the shift are: inferior material, slippage in the set-up, and
changes in temperature.
Employing statistical quality control, the trouble may be spotted
almost immediately, and the process may be brought back to control by making
necessary correction. Ilhus, the quality of the product is kept constant,
and the amount of scrap is drastically reduced. Ihis obviously could not
be done by testing the whole lot after production is completed. Such a
procedure would merely eliminate the defective pieces but would not correct
the manufacturing process itself.
Olie objective of statistical quality control is to maintain the
3
quality of the entire lot or population. 2he method used is scientific
•'Feigeribaum, op. cit ., p. 15
•

sampling. Shis provides an accurate, early, and economical picture of
the population. Sampling frequently provides a more accurate picture of
the quality of the whole population than 100$ inspection. Hhis is due
primarily "because more attention is given to the individual units being
inspected as well as more refined methods may "be used. Many companies now
employ a sampling technique to test the accuracy of 100$ testing.
In the application of statistical quality control to process control
we need only to take periodic measurements of very small samples of three to
twenty pieces in order to spot the trouble. 2he analysis of the results of
the sampling will show if toe pattern of the process is being maintained or
if some force not normal to the operation has suddenly appeared. We are not
concerned with the sample pieces themselves but rather what they show about
the whole lot.
!Ine sample selection process must be of a random nature, that is,
k
every piece has an equal chance of being selected. Ihus, when we survey
the sample results we get a true indication of the characteristics of the
population itself within the limits of the predicted mathematical accuracy.
2ae risks involved in sampling can be held to whatever limits are established
in balancing accuracy and economy, as will be discussed further in Chapter
III.
Practically all the individual pieces of a population fall within
the limits as shown "by its own frequency distribution. It follows, of
course, that the units of the sample will also fall within these limits.
Since the high and low values of a sample are canceled out in taking an
average of this sample, it follows that the average of several samples
Eugene L. Grant, Statistical Quality Control (Hew York: McGraw-
Hill Book Company, Inc., 1952), p. 3^9*

wiH fall -within narrower limits. ahese limits are called control limits
with the lower value the lower control limit (LCL), and the upper one the
upper control limit (UCL).
Hhus it follows that if the sample average does not fall within the
control limits it is reasonably certain that the sample did not come from
the original population. When this happens, it is a signal that something
more than the chance cause has affected the operation causing the whole
process to shift, or perhaps to become more variable.
Control charts will be discussed in greater detail in Chapter IV.
However, a few salient, introductory comments will be laade here. Control
charts provide an efficient, simple method of checking continuously whether
the process is in control or whether it has changed.
Most control charts are made up cf two sections—the upper section
portraying the sample averages, and the lower portion the sample ranges.
!Uae sample averages provide a sensitive measure of the change of pattern of
the individual units. When the sample averages fall between the upper and
lower control limits, the process is repeating itself and is in control.
Ihe lower part of the chart (where used) measures the difference between the
lowest reading and the highest in each sample. Shis range measurement in-
dicates whether or not the variability of the process is within the control
limits.
Any departure from the established pattern will be shown immediately.
The incurrence of a faulty batch of material, a shift in tool setting, or
wear on some necessary part will show up as the sample average appearing
outside the control lines. Uae process variability may still be within
limits but the distribution pattern will have shifted to one side or the

3other. Range variability outside the limits imposed may be due to
"bearing wear, operator carelessness, or other causes. Hhis will be reflect-
ed on the lower chart by the appearance of a sample range over the upper
limit. Here, again, the sample average may well be within the control
limits. She distribution variability chart then gives us an added check
at very little extra cost.
Bae process control chart thus provides us with certain and
immediate information about the pattern of the variation expected from the
process and gives prompt signals of the trouble or the absence of trouble.

CHAPTER II
GENERAL PRINCIPLES OF ORGANIZATIONAL
PRACTICES AND METHODS
Before the industrial revolution there was little need for separate
organizations for making and inspecting the products produced. Each work-
man was his own inspector. Each worker made the whole product from start
to finish and, thus, inspected it as he went along. In addition, there was
no interchangeability of parts to speak of, eliminating the reason for close
tolerances. With the coming of the industrial revolution, decline of the
individual handicrafts commenced and the emphasis shifted to the use of
machines and quantity production. To assure the quality in this production
process, inspection as a function commenced. It soon became apparent to the
early industralists that a separate inspection group would he the most effec-
tive manner of employing this new tool.
In the not too distant past, inspection meant merely rejection of
the finished piece. Now the emphasis is on the control of operations within
the manufacturing process to assure a quality product at all times during
the entire process.
As was previously stated, the most effective organization evolved
was that separating the inspectors from the producers. This eliminated bias
and pressure to lower standards. Also, as time went on, it became more and
more apparent that specialized training and knowledge were the requirements
of good inspection. Other factors adding to the necessity for a separate
•
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organization are the size of the companies, the geographical separation of
the separate factories, and the necessity for having a common set of rules
and standards.
As in all organizational problems, all possible relationships and
interplays can not be shown on charts. In addition, the considerations of
span of control, line versus staff and communication are present in the
organization of the quantity group as well. However, same basic organiza-
tions for the inspection or quality control group will be discussed. First
of all, it is clear that the quality control group should be separated from
the manufacturing division for reasons previously mentioned. Sometimes
quality control groups are placed under the engineering department, since
standards are tied to the specifications set by this department. Ihey are
placed more often, however, in a staff capacity under an official on the
5
same level as the head of the manufacturing function. Both these organi-
zations work well in practice yet each has its advantages and disadvantages.
To be successful, however, there must be a spirit of cooperation no matter
what organizational procedure is followed.
Where the branches of the corporation are physically separated, a
central office for quality control coordination is recommended. Biis
coordination involves establishment of consistent standards, furnishes a
single point for settling disputes, and generally promotes unity of purpose.
Frequently the inspection groups will be broken down into units,
which may be organized into raw materials, process, and finished products
groups. Baey may also subdivide further into groups by products or






All organizational problems have one common quality—that is,
human nature. All problems of organization must be solved by considering
good practices as well as the ability of the individual.
As with installation of any new system, we always have to ask,
How much can we afford? Specifically, how much quality control is econom-
ical? We know that if machines and men consistently produce products that
do not vary in quality, obviously, there would be no need for quality in-
spection. A good quality control department minimizes manufacturing costs
and customer complaints. Yet the amount of time and effort applied to in-
spection must not be increased to a point where increased costs do not
compensate for the smaller increase in quality, or the savings in the
reduction of scrap. A further detailed examination of a specific example
will be shown in Chapter III.
The quality of the product must be controlled in order to maintain
its reputation as well as that of the company. This, along with safety,
is an intangible but must be considered in judging how much quality control
may be justified.
A cost- conscious attitude must be established in the quality organ-
ization for attaining the most economical quality control. There usually
is an avoidance of this subject by the inspection group on the basis that
an emphasis on this will cause a reduction in the quality desired.
Actually, the two subjects are closely allied and the emphasis on costs
—
or at least the awareness of them—should result in greater efficiency
through attention to details.
The ratio of inspectors to production workers, or to products
manufactured, is arrived at as the result of experience. Future
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requirements are "based on these historical values also. In light of
improved methods, new tools of inspection, improved personnel, and improved
technology on the production line, these ratios should be periodically
reviewed to assure economical quality control.
The awareness of the importance of the control of costs in the
quality department is usually absent. However, adequate cost control leads
to economical inspection. Very little work has been done in this field.
One of the major reasons is the very small savings to be realized as com-
pared to processes in manufacturing itself. Also, the work itself does not
lend itself as well to efficiency studies as do the various machine opera-
tions. In the latter, time and motion studies may be used to great advan-
tage but not so the details of making a good inspection. In addition, an
installed piece-work system for the quality department might have a tendency
to shade the quality of the material in the interest of higher wages.
The following six items affect the costs of the inspection group:
1. Type of product
2* Manufacturing department attitude
3. Quality standards
4. Tools and equipment
5. Procedures and methods g
6. Effective utilization of labor.
The first two items are not controllable by the quality department.
However, the attitude of the manufacturing department can be influenced by
the manner in which the inspection personnel at all levels deal with the
producers. Tact and diplomacy—rather than the negative attitude typified
by the rejecting only manner of many inspectors—must be practiced. A
John G. Ritherford, Quality Control in Industry, Methods and





cooperative attitude, coupled with cost consciousness, will be reflected
in a quality product that requires very little checking.
Establishment of quality standards should be a coordinated effort
of the engineering department in cooperation with the inspectors as well
as the manufacturing division. Obviously, there are times when rigid
standards imposed by the engineers just are not attainable in practice or
are not practical with the machinery presently installed. The inspection
group can and does give good service in providing liaison for establishing
reasonable, economically-attainable standards.
Costs are reduced and uniformity is maintained through use of pro-
cedure manuals, which serve as general guides for all inspectors and include
items such as the use of rejection and rework tags, records to be maintained,
and use of inspection stamps. Qhese manuals do not give detailed pro-
cedures for the inspection of any one item.
Procedures specifying details of the individual inspection are given
in another source that may be termed procedure or method cards. These cards
follow the part or assembly along the line in the factory, and thus assure
uniform checks by all the individuals involved. In writing these cards,
the sequence of the job, trouble spots, methods of performing the work, and
tools to be used should be shown. As in all written instructions and record
keeping, the costs of the system must be less than the benefits received.
In arriving at whether to have written methods, initial cost of the write-up
must be considered along with the necessity for written versus individual
judgments, the cost of maintaining the cards current, and the number of
units to be manufactured.

Ik
The last item affecting cost to be discussed is that of effective
utilization of manpower. Areas to be considered here are organization
—
which was previously discussed
—
job classification and wage scales, and the
number of inspectors necessary. There must be a system of job classifica-
tion and wage rates, if costs are to be controlled. Factories are now too
specialized and organizations too large to rely on the judgments and
memories of individuals to run an organization.
An example of a simple system is that of inspection work divided
into classifications, such as parts inspector, subassembly inspector, and
final assembly inspector. A wage rate range is assigned to each classifi-
cation, depending on 'the necessary training, education, and skill necessary
for the job. Three basic divisions of skills are used for each job, such
as apprentice, second class, and first class. Thus, under each classifi-
cation of the work we have three categories of skills. A job description
may then be prepared for each division of work and each breakdown of skills.
These descriptions give not only the details of the position to be filled
but also the qualifications necessary, thus establishing a criterion for
filling the billet as well as establishing a system for advancement.
Within each category the men advance up the rate bracket on the basis of
actual performance graded on the basis of quantity and quality of the work
produced as well as the attitude and dependability demonstrated. Admittedly
there is a top to each bracket and the man who arrives there does not get
further increases unless he is given a supervisory position. The success
of the program depends on the fairness of its administration. In addition,
it is a waste of time and money to use a man of first class ability to do
the work of an apprentice.
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The means of determining the number of men to he used in the
quality control department were mentioned previously. These include control
of the numbers of inspectors by the local head of the operation, a definite
ratio of the personnel engaged in manufacturing, and use of the ratio of
7
production level to the number of inspectors needed. The drawbacks of the
first two include inflexibility, difficulty in reducing the numbers when
production is cut back, and lack of a planned program for getting replace-
ments. The best method for large organizations is associating the number
of inspectors with the level of production. The production is usually
planned months in advance by use of a Gantt chart. Information from this
chart then is plotted to show the level of production for the year. With
this information the number of inspectors is superimposed, thus showing the
total numbers required, when to recruit more, when the slack periods are
likely to occur, and, consequently, the cut-back level deemed advisable.
Time studies can be most helpful in the quality department. These
would not he used to fix the wages or the performance of the inspector but
rather to control or give information as to the numbers required. Addition-
ally, motion studies result in saving of motions to accomplish the same
coverage, thus cutting down the fatigue factor for the individual inspectors,
We now move from the field of the control of costs in the quality
department to the field of paperwork. The frequency and numbers of reports
considered essential present difficult economic decisions. As stated pre-
viously, in connection with the discussion of the manual and the methods
cards, the costs of installing and maintaining records must always be




results of operations for future guidance. For the quality department, as
veil as for others, it is frequently economical to centralize clerical
functions
.
Records and reports usually made and kept "by the quality department
consist of the rejection reports and tags, log hooks, inspection stamp
control book, and a change control hook. Some companies have the individ-
ual departments keep their own personnel and equipment records; this is not
normally done, nor is it economical.
The rejection type records include the tags and reports of material
sent hack for rework. These records are of importance for the following
reasons
:
1. They furnish a method for controlling rework and for checking
rejections to insure that they are satisfactorily reworked or scrapped and
do not get into the final product.
2. They give an indication of the relative efficiency of the
plant departments.
3. They show the need for corrective action and give data to pre-
vent recurrence of individual rejections or rework.
h. Raw materials for statistical methods may he obtained through
these records.
There are many ways to tag or show rejected parts. Whatever method





1. Information should "be forwarded for analysis and action as soon
as possible after the rejection takes place. As in administration of all
controls, effectiveness depends a great deal on prompt application to
correct variance.
2. The system must indicate a check between the data and the
actual rework or scrapping of parts. Paperwork for the sake of records
only is of no value, and a system of periodic checkups must he used to
determine justification for their continuance, or recommended modification.
3. Close cooperation with the manufacturing department should he
9
maintained for best application of the results of the data obtained.
Frequently it is advisable for a representative of both inspection and
manufacturing to observe the defective part to insure prompt corrective
action.
Die reject or rework tags themselves provide a useful function in
earmarking defective parts. However, the records in this field should not
stop here. Analysis sheets should be made out in order to watch for any
discernable trends and as a means for measuring relative efficiency of the
various sections in the manufacturing department. In this regard it is to
be noted that the simple tabulation of the number of pieces rejected is not
enough. These numbers must be correlated with the volume of production not
only to give a true measure of the efficiency of the various departments but
also to compare periods of time.
The remaining records are for the administration of the quality





list the method and sequence of checking and indicate the acceptance at
various stages of manufacture. These books assure a systemized procedure.
In addition, they show who is responsible for passing or rejecting the
item, as well as affording a running record of the material through the
whole operation.
Other records are those dealing with changes to the specifications
and the inspection stamp contxol book. The problem in the administration
of the changed specifications is to get the information to the inspector
involved and to assure that the check has been made. This is accomplished
in various ways. In the case of the former, a change attached to the
referenced specification may be used. Another method is to change the
drawing or specification itself insuring that all superseded drawings are
collected. To assure that the work has actually been checked to conform
to the new information, a recording of the change is made on the first
applicable lot. Frequently, however, it is assumed, since the inspector
received the change, that the change has been made. Positive control must
be exercised to forestall this.
Introduction of new methods and frequent turnover of personnel com-
pound the difficulties in administration of any training program, yet train-
ing programs are necessaiy. The program itself usually takes one of three
forms, or a combination of all three, that is, apprenticeship, formalized
training school, and in-service training courses. Industry has long used the
apprentice system to train skilled craftsmen. Here the apprentice are assign-
ed to the more experienced workers for a period of time, then are rotated
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to other senior workers to gain tiie specialized know-how as well as a
generally broad picture. For this method, a stabilized group must he
available—something very difficult to get in these days of high wages paid
to the semiskilled production line worker. Also, only a few trainees can
be developed at any one time, since the services of experienced men are
required.
Training schools operating at company expense became popular during
World War II with the training of a large number of novices in a relatively
short time. Here the subjects are apt to be more than just related to
doing the job of inspection. They will encompass company and plant
familiarization courses as well. The usual educational means are used,
such as lecturing, demonstrating, performing and examining. This method's
greatest advantage, as previously mentioned, is the large number of pro-
spective workers it can produce. Other advantages are that the trainees
do not disrupt the factory routine of production, the unfit are eliminated
sooner, and the general company policies and organization are explained to
the selectees. In-service training is really a short indoctrination type
training school followed by actual on-the-job instruction and working. The
trainee thus gets a good but fairly brief course on what he needs to know
to 'do his job, followed by on-the-job training overseen by experienced
supervisors
.
Any training program must be justified on the basis of paying for
itself. The decision to set up a formalized program depends on the situa-
tion at hand. The type used will depend on the caliber of trainees, the
policies of the company in regard to "educating" its workers, and the scope
of the job to be done.
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Quality control personnel must work closely with other departments
of the company. The aim of all departments is to produce a superior
product economically* The usual complaint of the manufacturing department
is that the quality control personnel hold up the process. They sometimes
tend to think of the inspectors as necessary evils and, on occasion, even
unnecessary. Although it is impossible to eliminate personalities entirely,
much can he gained through the mutual understanding of each other's func-
tions and problems. Many companies have established a program of shop
inspection meetings to discuss the problems as they occur or to prevent
their occurring. Although the problems are not so prevalent when dealing
with departments other than manufacturing, problems do exist, in dealing
with the other departments, the inspectors assist the engineers to arrive
at realistic and economical standards. In the case of the sales depart-
ment, inspectors receive information from the salesmen who tip them off on
the little discrepancies they—the salesmen—have found in the field. The
inspectors can thus do a better job in looking for defects in likely





Three methods of inspection used to control the quality of manu-
factured products are: screening, lot-by-lot inspection, and process con-
trol. Screening is the 100$ inspection of the entire product. As mentioned
previously, screening sometimes is less reliable than a statistical control
procedure and invariably the costs are higher. Lot-by-lot inspection in-
volves examining a small segment of the total number of pieces and from the
inspection judge the acceptability of the whole lot. This type of quality
control will be the subject of this chapter, while the process procedure
will be taken up in the following chapter.
The use of lot-by-lot inspection has certain limitations. There is
always the possibility that the inspector will pick nonrepresentative
samples. Thus, he may select a sample that contains more defectives than
allowed; the lot is therefore rejected while, in fact, the population's
distribution may be within the allowable limits. Conversely, the population
may contain more defectives than allowed, but the sample shows the lot to be
within the allowable limits. Errors of this type are known as sampling
errors. This is where principles of statistical quality control come to the
aid of the inspector giving him the proper plans for getting the maximum
amount of protection for the minimum inspection costs. Without proper
inspection plans there is either too much or too little inspection, with




In setting up lot-by-lot inspection these four basic steps are
generally followed: (l) set up the inspection lots; (2) arrange for
rational lots; (3) establish an allowable percent defective; and (4) select
a sampling plan.
In setting up the lot to be used as the unit for inspection, that
quantity of the product selected usually moves through the plant as a
single unit. As will be shown later, lots should be in quantities of 300
or more. If the numbers are less, screening or process inspection should
be used in preference to lot-by-lot. Ihere is no theoretical upper limit,
but "title lots should be small enough to permit moving through -title factory
without requiring special handling. To show the variability of lots as far
as numbers are concerned, some examples are: A barrel of plated washers
numbering about 10,000; a skid box containing 3,000 tapered pins; or two
tote boxes on a single hand truck containing a total of 450 blanks.
Frequently it is decided to sample the products from one machine
after a certain time has elapsed. Ihis, then, determines the lot size.
One may wish to sample from a punch press producing 3000 stampings per hour.
With an inspection every fifteen minutes, the lot size will average about
750. Ihe fifteen-minute interval would be decided on the basis of the cost
of inspection versus the risk in letting the process get out of control.
With this small elapsed interval, detection of the malfunctioning of equip-
ment or a poor lot of material is accomplished fairly soon. Ehus, small
lots give better control and prevent large material wastes. However, they
must not be too small for economy and statistical reasons.
Worbert L. Enrick, Quality Control (Mew York: Ihe Industrial
Press, 19^8), p. 5.
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In order to obtain desired results of any procedure, the samples
selected mast "be so picked as to be truly random. Each unit in the sample
must "be selected in such a way that each unit in the lot has an equal chance
to be selected. All samples should not be taken from one locality of the
population, but selections should be spread around. Hunting for defectives
in any one location on the basis of a hunch, such as in the bottom corner,
defeats the primary purpose of sampling. A true representation of the lot
is not obtained in this manner, and, in the long run, would give misleading
results.
To arrange to sample from rational lots is meant to take units
which have been produced from the same source. Where practical, lots
should be so selected as to be from the same source of raw material; pro-
duced by the same machine, using the same mold or pattern; or the same
shift. In actual practice it is not possible to separate and establish the
lots following all the above principles. However, the closer the lots are
and yet are separated, to conform to the principle of coming from one source,
the easier will be the analysis, so that any difficulty that has crept into
the production process may be subsequently corrected.
An example of using the rule of rational lots is the case of ball
bearing tumblers. It is assumed that four tumblers are in operation. The
bearings from these four tumblers are kept separated and are so tagged. As
they move through the shop they are inspected. When the inspector finds
one lot with bearings that are rough and chipped, he can examine the tag
and put his finger on the exact tumbler that caused the difficulty. Had the
bearings not been separated and tagged, the question of which machine was
the offender would have to wait for results of further sampling with the
consequent waste of valuable production and man hours, as well as material.
11
DOD, Supply and Logistics Handbook, op. cit ., p. 17«
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After the lots have been established for the control problem, the
next step to be considered is that of establishing an allowable percent
defective. Even with the most modern, perfected machinery, it is impossible
to turn out 100$ perfect parts using mass production methods. Thus it must
be established what percent of the defectives will be allowed. Frequently
it is more economical to allow a certain percent defectives to go through
rather than resort to screening. This is illustrated in the case of stamp-
ing out washers vhere one percent of defectives has been found to be quite
normal. After the sampling process, the washers are sent to the galvanizing
process for finishing. At the end of this process, screening is used to
eliminate the defectives. The galvanizing process is inexpensive; thus, it
is considered economical to allow the one percent defective washers from
the stamping process to go to the finishing stage. On the other hand, take,
for example, a forging process where two percent are defectives. Here the
material is subject to a large amount of machining after forging. There-
fore, it is economical to screen out the two percent defectives after the
forging
.
The principle of establishing the allowable percent defectives is
now apparent. In short, after it has been decided by experience what the
normal percent defectives is for a given operation, the allowable percent
defectives for future processing is fixed. If the percent defectives is
not allowable, screening inspection must be installed. If, on the other
hand, it is allowable, the proper sampling plan is set up to assure that in
the long run the allowable percent defectives is permitted to go through to
further processing and the operation is considered to be in control.
One and two percent defectives were the values used in the two
most recent illustrations. To get this information, the process is
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monitored for a period of time—usually about one week of normal operations.
Sometimes the information is already available from past records of proc-
esses or machines.
For the sake of illustration, it is assumed that no past records are
available. The machines in question are two punch presses. Following are
the results of one dayfe observations in percent defectives:









Observations for another four days were taken with the results closely
paralleling those shown above. The fifth observation under punch press
No. 1 is clearly at variance with the remainder of the values. Investiga-
tion revealed this was due to a personal error; thus k.Q may be eliminated
from further consideration. The remaining values from inspection clearly
fall roughly between the one and two percent values. Comparisons between
operators and dies used were made, as well as the amount of scrap turned
out. From all these data it is determined that the up to two percent
defectives in any given lot is considered normal.
There is no set of tables to determine the normal percent defectives
for the various machines and processes. It is more a matter of judgment
than precise scientific measurement. To make up a standard table would be
a monumental task, subject to many variables, such as: differences in raw
materials; ages of the machines, as well as most recent overhaul; skill of
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the operators; and many other reasons. Thus, each shop must determine its
own value for each machine or process, striking an average for the individ-
ual operators. In some fields, this value comes under the general category
of a figure of merit. Once the normal production of defectives is deter-
mined, the next step is to determine whether this is allowable or not—to
he arrived at in consultation with the cost accountants, engineers, and the
planners
.
The allowable percent defectives for incoming materials is usually
dependent upon the commercial standards for the product involved. Large
procurement activities, both government and commercial, state in their pur-
chase orders the percent defectives allowed. Whether arrived at by commer-
cial standards or by specification, the inspection plan used for these in-
coming materials is based on the allowed percent. Groups of manufacturers
frequently unite to establish the figure for the whole industry. An
example is the manufacture of election tubes for civilian as well as
military use. Where possible, the military and government activities, in
general, attempt to use the established commercial standards.
The manner of establishing lots and allowable percent defectives
has been considered. Hie fourth and final step is that of selecting a
sampling plan. The two major types of sampling plans are the average outgo-
ing lot quality protection plan, and the lot quality protection plan. Either
type may involve three methods: single, double, or multiple sampling.
Average outgoing lot quality means that in large numbers of lots the
12
quality will be equal to or less than the specified average. Some lots
may be over this specified value; these will be compensated for by others
that are under this value.
12
Rutherford, op. cit ., p. 89.
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Lot quality protection is a plan to assure that only a specified
percentage of lots containing a limiting percentage of defectives will "be
13
accepted. The average quality of the outgoing lots is "better than the
limiting percent defective. Rejected lots are screened 100$.
Both of these plans have advantages and one or the other may he the
more desirahle depending on the application. A customer who buys in large
quantities may "be satisfied if the average lot quality is assured. On the
other hand, the user who "buys only a single lot may find it desirable to be
assured of that individual lot's quality. Another factor in determining
which protection is desirable is whether the product is to be used for
further assembly. Iformally in such a case the protection afforded by the
lot quality plan is the preferred procedure. The other plan is liable to
pass a lot of poor quality and so entail costly production delays, much un-
economical hand-fitting, and failure of the assembly to perform properly in
Ik
the field. If the nature of the production is such that the product
turned out is normally of a high quality, the average protection plan may
serve the purpose, since any departure from normal operations would show up
in this plan as well as in the lot quality plan.
The quality level obtained through each plan and the effect of the
average incoming quality on their use are frequently misunderstood. For
the lot quality plan, only a certain percentage of so-called defective lots
would be accepted. This is considered in setting up the plan. The value
for most industrial uses is 10$ . As was previously pointed out, the average









defectives allowed. Thus, the incoming lot must have an average appreci-
ably higher than the selected lot percent defective; if this were not the
case, there would be frequent rejections causing a high cost of process-
ing. In average outgoing lot quality protection, the average quality of
the outgoing lots is assured.
As stated above, each type of sampling plan may be used in either
single, double, or multiple methods. Single sampling may be defined as
that method of basing acceptance or rejection of a lot on the units of one
sample drawn from that lot. Usually single sampling is used in conveyer
type production operations, where it is possible to draw only one sample.
Another application is where the lots contain a large variation in the
percent defectives. In this case the use of single sampling is more
economical than either double or multiple methods. In single sampling the
procedure is to take the random sample from the lot, counting and noting
the number of defectives. The lot is then rejected or accepted on the
basis of this sample. The rejected lots are normally screened with the
defectives being repaired or turned into scrap.
Double sampling is the selecting of one sample from the lot and,
under certain conditions, selecting another sample before accepting or
rejecting the lot in question. Double sampling starts out in a manner
identical with the single method. However, in this method frequently the
sample shows a defective number between the acceptance and rejection num-
bers. When this occurs, a second sample is drawn; the lot then is re-
jected or accepted depending on the combined number of defectives in the
first and the second samples. Eejected lots are disposed of in the same
manner as in single sampling. Double sampling sometimes is easier to sell
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to management than is single, since it gives the idea of giving the lot a
second chance before rejecting. This psychological advantage is not based
on fact. However, double sampling does permit smaller first sample sizes
than is specified for single plans. When the percent of defectives is low,
it is possible to accept lots based on the results of this first sample.
Also, should the percent defectives be high, rejection may also take place
on the first test. In these instances, double sampling permits lower
sampling costs. This method is the most popular.
Multiple sampling bases acceptance or rejection of a lot on the
results of several samples drawn from the lot. Multiple sampling, then, is
similar to double sampling but has more stages. Multiple sampling plans
are more difficult to administer than double or single plans. The require-
ment for selecting successive samples in the proper sequence may call for
greater administrative control and more highly skilled personnel. In much
the same manner that double sampling may result in smaller sample sizes than
single plans, multiple plans have the same advantage over double ones. In
actual practice the greater cost of multiple plans, due to their complexity,
frequently gives the advantage, cost wise, to the double plans. When the
actual percent defectives is low—around 0.1$—the amount of inspection
required for the single and double plans is about the same as the multiple
plans.
In selecting a method, the type of product, the availability for
inspection, and the specific type of tests to be applied are all matters that
must be taken into consideration. The choice of a plan depends on the
15





the best plan. The so-called "best plan is simply the best for the par-
ticular sampling conditions encountered.
Rather than design their own tables, many industrial quality control
departments make use of various published material. The most popular and
widely used of these are the Dodge-Romig tables, United States Arms'- Ordnance
tables, Wald's Sequential Plans, and the United States Navy Sampling Plans.
The Dodge-Romig tables include double and single plans giving protection
for both average outgoing quality and also lot quality. The Army tables are
primarily for protection of lot quality with a mention of average outgoing
quality. Both single and double plans are included. Wald's Sequential
tables are used in multiple sampling and include plans up to seven samples.
The United States Navy tables cover both lot quality protection and average
outgoing lot quality with single, double and multiple plans. An example of
the Dodge-Romig tables is shown as Appendix I.
The first example to be taken up concerns the use of sequential sampl-
ing and will use the tables from Appendix I. In this sample we shall assume
that the allowable percent defectives is 2$ and the lot size 1000. The in-
formation required is how many pieces to inspect, when to accept the lot,
and when to reject it. All answers to the above questions are available
from the tables. From the left-hand side of the tables, the lot size is
given. In our example the 1000 assumed lot size is in the third grouping
in the 800 to 1299 group. The next column contains the sample size beginning
with twenty and progressing up in twenty number increments through 120, and
then jumps to l60. The remaining columns are for the various assumed
quality levels desired or allowable percent defective. In this example it
is assumed a sample of forty items is drawn with two defectives. From in-
spection of the tables it may be seen that two falls between the acceptance
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and rejection values of zero and four, respectively. These values are
found in the horizontal line opposite forty in the proper lot size grouping
and in the vertical column under the acceptance level of two. The proce-
dure is then to go to the next sample size—which is sixty. Twenty addi-
tional samples are drawn with two more defectives included, making a total
of four defectives out of a total sample size of sixty. This, again, is
"between the acceptance and rejection numbers and thus another sample of
twenty must he drawn. This next increment gives two more defectives, making
a total of five defectives out of a total sample size of eighty. This is
included in the rejection number; hence, the lot would he rejected. This
process might well have gone on until the highest sample size in this lot
size was reached. This ultimate sample size of one hundred sixty is noted
to contain acceptance and rejection numbers of seven and eight, respectively.
For all the highest sample sizes in the table, the gap between acceptance
and rejection disappears.
The subject of using single sampling plans will now he taken up.
Appendices II and III are examples of Dodge-Bomig type tables. These
tables, with the explanatory information at the top, are rather straight-
forward, making their use simple and logical. It is to be noted, however,
that for assumed process averages the size of the sample required increases
as the assumed process average increases. For the table shown in Appendix
II, it is further noted that the consumer's risk of accepting a lot contain-
ing more than the allowable percent defectives is ten percent. As stated
previously, this is the normal risk for most industrial installations.
However, others go down as low as 0»5#> while the other extreme is 25$.
Two examples of using single sampling procedures will be shown. In
the first of these it is assumed that the consumer risk is ten percent, the
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lot size is 2500, an assumed process average of one percent, and the lot
tolerance percent defective of two percent. Reading from the table in
Appendix II shows that the sample required is four hundred forty—the lot
may be accepted if the number of defectives does not exceed five. Hie
average outgoing lot quality is 0.56$.
For the second example of single sampling, the use of the table
shown in Appendix III will be demonstrated. In this case a lot size of
3500 will be used and the following additional information: average out-
going quality limit is 0.1$, a process average of 0.1$, and a lot percent
defective allowed of 0.6$. Reading directly from the table, the sample size
required is 695i the lots will be rejected if the number of defectives
exceeds one.
In some special cases there may be a requirement for sampling on
the basis of major and minor deiects. Each criterion would have its own
sampling plan, and obviously the one applicable to minor defects would
allow a larger value for the percent defectives. In examining steel
blanks, for example, 1$ might well be the allowable percent defectives for
major defects, such as die marks variation in stock, and thick lines. On
the other hand, slight scratches or burrs may be considered minor and might
well be allowed up to l'/p defectives. Separate sampling plans are then
used and the material accepted or rejected on the basis of either the




Process inspection is that portion of quality control where an
inspector checks on equipment, methods of operations, and occasional pieces
16
of the product. This check may he made either "by a roving inspector or
"by several inspectors. The inspection of the product occurs at various steps
from the introduction of the raw material to the finished product itself.
The aim of process inspection is to discover defective products where and
when they occur so that corrective action may he taken immediately. This
method of quality control is concerned with all the causes of defective
work, such as raw material, the operator, or the equipment.
In the interests of economy of operation it is apparent that
inspectors cannot he established at every operation nor can roving inspec-
tors be employed in sufficient numbers to check each process in the opera-
tion. As a result, considerable faulty material may slip through. This is
especially true in such difficult operations as precision machining,
intricate casting, and certain precise welding operations. In these cases
the inspector finds the faulty product after the damage has already been
done.
Because of the ahove shortcoming, it was found necessary to estahlish
a method that would indicate quickly when something was wrong or about to go
16





wrong. Statistical quality control has made this procedure possible
through establishment of the control chart system. The primary purpose of
control charts is to shov trends toward the tolerances established for the
acceptance or rejection of the product. These control charts show when the
established limits have been exceeded; also, and far more important for con-
trol purposes, they provide means necessary to anticipate and correct the
causes responsible for the defective product. Thus, their fundamental pur-
pose is to prevent defective work rather than to detect and correct defects
after they begin to appear.
Prior to discussing the construction and actual use of the control
chart, a few general comments about establishment of the system will be
given. First of all, there is the matter of randomness of the sample as
mentioned in the previous chapter. In process inspection the concern is
with controlling the process on a continuing basis rather than controlling
the quality of separate lots. Therefore, the random sampling rule does
not apply. Instead, a sample is selected directly from the machine, usually
on a time schedule just prior to the arrival of the inspector. This fur-
nishes the latest information to the inspector of what the machine is
actually producing and thus gives timely information for detecting any im-
pending trouble. The sample so selected should be truly representative of
the latest production and every effort should be made to insure that the
operator has not stacked the samples to make it appear that the machine is
producing better than is actually the case.
There are many processes having many variable dimensions or
qualities. It would not be economical to have control charts for each of
these variables. It is essential to select one or two of the most important
characteristics, usually one that will be the hardest to control, thus giv-
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17ing a good representation that the process is either in or out of control.
The other variables should be subject to spot checking so that nothing is
left completely to chance. However, if the difficult dimensions are in
control, the remainder are usually in line, especially in machining opera-
tions, such as on a turret lathe, where there is some interdependence of
machining to dimensions.
Control chart installations differ in the many plants where they
are used. The differences are due to the necessity to meet the individual
plant conditions. Some of these differences are necessary because of the
variations of the numbers in the sample, the methods of computing control
limits, the measure of the central tendency used, and the chart form itself.
Sample sizes in industry range from around two to twenty. Normally
sample sizes of two or three are not used due to their low accuracy. The
most popular size for process inspection is five, with the adjacent numbers
used to a slightly lesser extent. The low sample sizes are used where the
sample is destroyed in the testing process, or the article has considerable
economic value. The larger sample sizes of around twenty are used in such
operations as multispindle operations. Here readings are taken and recorded
from each spindle, resulting in a large sample. In determining the sample
size to be used, a balance must be struck considering the following factors:
number of units that may be economically included in each sample, and the
statistical accuracy required to determine whether the process is in or out
of control.
Various values are available to measure the central tendency. Some





The median is easier to work with than the average and, consequently, is
used frequently even though it is subject to more variation. The median is
used when competent people may not be available, or a high degree of
statistical accuracy is not required.
The charts used differ widely in form from installation to installa-
tion. For some processes it is necessary to show both range and average
variations. In some operations range is almost constant or is not important
while there are considerable variations in the averages. In some cases the
reverse is true. Tool wear, bearing play, and stock variation have differ-
ent effects on different operations. For those cases where one character-
istic is either nearly constant or is unimportant, only one characteristic
need be shown.
The systems for computing the control limits are many and varied.
Two of the more popular are: establish control limits in relation to
process averages, and in relation to specifications. The method of comput-
ing the latter will be discussed and an example shown.
There are several advantages to using the specification limits
rather than the process averages in establishing control limits. The first
of these is that this method usually saves time. When control limits are
established using process averages, it is necessary to go through the
lengthy process of recording data for each separate job. Control limits
established by using specifications, on the other hand, eliminate much of
this preliminary data taking. In those shops where a large number of
machines are used and control procedures are necessary, or where a large
18
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variety of parts are made on these machines, the taking of preliminary data
would he particularly expensive. In these shops, it is important to he
ahle to estahlish control limits on a mass hasis and to do so "before pro-
duction runs are made. This would he especially true where the production
run is to he of short duration. The use of specifications makes it possible
for relatively inexperienced office personnel to establish the control
limits without use of individual sets of sample data. A parallel may be
drawn between this method and the establishing of an incentive wage system
when the number of jobs makes it impossible to make individual time
studies
.
Another advantage is 'that the ease in selling the plan to the men
in the shop is facilitated when using specifications. Here is an item that
is generally understood by all. There is a tendency to mistrust the taking
of statistical information and its application is little understood.
In addition to saving time, another cost advantage is that more
economical production runs may result. Control limits established, using
process averages, cause the machine operator to set up his machine and to
keep the average value at his average. On long production runs, where tool
wear is an important factor, this procedure may prove uneconomical.
Frequently in these cases up to one-half of the variation allowed by the
specification will be discarded before the production run is begun.
In cases where the specification limits are wider than the control
limits, advantage may be taken of setting up the job to take advantage of
tool wear. This is done hy setting up the job initially near the lower
limit where direction of the tool wear is in the direction of the upper
limit. This allows a longer run without retooling. This procedure may be
inadvisahle in machining of mating parts that are to be assembled. In this
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case the designer assumed that the target would be the nominal value as
specified on the drawing. The end result may be additional grinding or hand
scraping at the time of fitting. However, the bulk of production is not of
this /ariety; thus, establishing control limits as a result of specifica-
tions is usually both satisfactory and economical.
To demonstrate construction and use of a control chart, the follow-
ing example is given:
(a) Specification limits rather than an average value will be used.
(b) Both range and average variation will be shown.
(c) The process in question is that of drop forging hammers to the
nominal Rockwell hardness of 45.
(d) The tolerances allowed are plus or minus three.
(e) The readings and computation of values from sampling the pro-



















1 46 45 45 44 45 2
2 46 47 46 46 46-1/4 1
3 45 45 46 46 45-1/2 1
If 46 45 45 45 45-3/4 1
5 46 47 45 47 46-1/4 2
6 46 46 47 47 46-1/2 1
7 46 kQ 47 45 46-1/2 3
8 45 46 44 45 45 2
9 45 46 46 45 45-1/2 1
10 46 47 46 45 46 2
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The sum of the individual ranges gives a value of sixteen. The
average range then is l.o. This value is known as the process variability
and is used in the construction of control limits.
Appendix IV contains a control chart for the above readings. In
this case the sample averages are plotted rather than the individual read-
ings. Some companies plot all these readings. The solid lines represent
the specification limits. Thus, they are drawn at the values of k-2 and k8f
plus or minus three from the nominal value 45 • The dotted lines are the
upper and lower control limits and are 43.6 and bG.k, respectively. As
stated previously, the values of the process variability are used to
establish these. The process variability is added to the lower specifica-
tion limit subtracted from the upper to get the control limits.
This direct method of computing the control limits is applicable
when a sample size of four is used. For sample sizes greater or less than
this value, an adjustment factor must be applied. The following are the











Appendix IV also contains the section of the control chart dealing
with the range of variations. The purpose of this chart is to permit vig-
ilance over the process in regard to range. The process may be centered
perfectly as far as average is concerned, but may still be out of control.
Excessive variability will result in an inferior product.

ko
The range chart is used when the sample averages do not indicate
19
that the process is in control. This is arrived at only after a period
of time. The range chart does not replace the sample average chart but
merely supplements it with additional information about the production
process. These range charts are used especially in industries where the
equipment is worn or where the process is inherently one of variability.
Examples of the latter are found in the plating processes, as well as in
the micro- chemical biological productions of penicillin and yeast.
In preparing a range chart, it is essential to commence in the
same manner as in the preparation of the sample averages control chart.
Again the readings for the samples in the process are obtained. From
these sample readings the px-ocess variability is determined as previously
mentioned. This process variability is then multiplied by a factor to
give the control limit. This factor is dependent on the sample size as in












Thus, for the example shown previously, the process variability is 1.6 and
the sample size is four. The factor is 2.3> giving a value of 3*68.
•^Enrick, ep. eft ., p. 39*
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Statistical computations have shown that "by using these factors there is
only a 0.5$ or an erroneous indication of excessive variation occurring
in the process when, in fact, none actually exists. This limit of varia-
tion is shown as a dotted line in Appendix IV.
The control chart is now constructed as shown in Appendix IV.
This is "but one example of a control chart, hut the form is quite common
where it is desirable to establish controls for both average and range.
When the values are plotted, it is to be noted that from reading number
five until reading number seven there was an indication that the process
was trending towards the control limits, finally going over on readings
six and seven. This could have "been caused lay such factors as the wrong
heat treatment, excessive pressure on the forge, and many other variables.
After sample seven, the process was stopped, the trouble analyzed and
corrected, and finally the process was resumed with the indication that
it is in control. The important thing here is to note that there was a




APPLICATION OF QUALITY CONTROL
The general principles, the normal organizational methods, and the
specific procedures of statistical quality control have "been discussed.
The problems and general applications in industry will now he considered.
In industrial applications the basic problem is whether the use
of statistical quality control will be economic. For example, the precise
measuring of rough forgings would be impractical. It then follows that it
would be uneconomical to use exact statistical methods when merely rough
checking of the process would suffice.
Frequently the quality program fails or is not received properly
due to poor planning. Preliminary studies will usually provide a sound
foundation upon which to build. There is nothing mysterious about the use
of statistics. Industrial application of them depends on a thorough
coverage of the technical and practical details. In addition, approved
statistical techniques must also be followed for best results. Poor results
will be experienced if such details as the provision for orderly reading
and interpretation of results is omitted. Another common fault in planning
and organizing a program is that of minimizing trie importance of the human
factor. Poorly trained people, in addition to their making mistakes, will
be reluctant to accept the program. Results cannot be expected from the




as well as the interpreting must be performed by the plant personnel.
The complete cooperation of the entire work body is essential to get
acceptance of the program and to take necessary corrective action when
the statistics so indicate.
In the institution of any new program, it is far better to try a
small segment of the operation for test purposes. This small portion of
the whole should be selected in order to assure success from the outset.
A complete and thorough job must be done here in order to lay the ground
work for the complete installation. Here we take advantage of the
psychological effect of commencing with a known and successful operation.
It would be exceedingly disasterous to do a poor job on the initial attempt.
This would have a tendency to build a barrier to the program that would
require an even greater selling job than was originally planned or was
necessary.
Statistical methods are more than charts, figures, and graphs.
These groupings of material merely show data on the quality of the work,
number of rejections and other related items. They, in fact, show the
results of statistical work and are thus passive and one phase of the
application of statistical methods. They, themselves, are not controls
but rather aids to control. The use of charts does, however, point out
some areas requiring attention in a clearer and more obvious manner than
cold, bare figures. Statistical methods, on the other hand, serve as the
basis for accepting or rejecting material, indicating the beginning of trou-
ble in process control work, and providing the foundation for an alyzing
and evaluating the data of all sampling techniques. Where statistical
methods are neither necessary nor desirable, the use of charts and
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graphs may give the information required in a manner suitable for easy
use and understanding.
Whereas it sometimes is difficult to apply statistical methods to
a manufacturing enterprise, adapting these techniques in the laboratory
situation is usually easy. First of all these techniques have been used
for a long period of time in the fields of testing and experimentation.
The caliber of persons found in these fields frequently is superior to
the average and, in addition, they are frequently familiar with the
methods and the resulting advantages. The above does not hold true for
the normal manufacturing establishments, no matter how progressive the
management and how skilled the workers.
There are usually statistical applications for all types of manu-
facturing. The ideal situation is one in which there is high volume pro-
duction of a repetitive nature. On the other hand, there are activities
that manufacture but a single custom-built large unit. Here the adoption
of statistical methods would probably serve no useful purpose and would
not even be possible. Thus, the extent of the application depends to a
large extent on the product and the process involved. Most processes are
somewhere between the two extremes mentioned.
On occasion there are very simple manufacturing processes that do
not require applied controls. The processes are those that have grown slowly
over the years and are simple in themselves. Also, the products are such
that the degree of quality is usually not important. For these operations
little, if anything, of economic value would be gained by installation of
a quality control setup. There are, however, only a very few of these
industries producing modern products. If there is doubt whether to install
I
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a new system or not, it is far better to study completely the present
system of achieving quality than to rush into a new, untried, possibly
uneconomical means of employing statistical analysis. Again, it is unwise
to try to install the whole system at once; rather pick the most obvious
application from the point of view of benefit as well, as ease of installa-
tion.
The items to be considered for applications for statistical control
in ones own operations are: (l) what types of product are being made;
(2) what is the present quality record; and (3) what methods are used in
the manufacturing process at the present time, or what is the proposed
20
change that necessitates a change in the quality control method.
Under the heading of what type of product is involved, we must
ask: Just what are the standards of quality? To go further, are these
standards the results of merely pleasing the customer or are they in the
interests of safety? Would any lessening of standards be injurious to
life and limb or to the company's reputation? The installation of new
quality procedures, when standards are required because of safety, should
be most carefully considered prior to installation. In applying the new
procedures, it may be well to continue the old method until it has been
proven beyond all doubt that the new method does produce the required
quality.
In the area of the quality record of the product, it is well to
determine if the quality can be improved by lowering the number of rejects
and reworks. Fortunately, for most manufacturing, the answer is "yes".
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In only a few cases will the process itself approach 100 percent acceptable
production. If quality control is to get the most economical production of
a high quality competitive product, it must be installed when it is necessary
to meet or beat the competition. This is also true when the customers demand
a definite quality. Even when a company has complete coverage of the market,
it cannot afford to disregard customer requests as to quality. Sooner or
later a competitor will come along in the same field, or will supply an
acceptable substitute.
Hie third area of operations to consider is that in the field of
methods of manufacture. Here, the process approaches a production line
operation; that is, the product is put through in large lots or, if run
through a continuous process, the chances for improvements using statistical
methods are very good. The records of the rejects and reworks for the
various machines or lines—logical places to look for improvements—will be
discussed later.
One of the first places to consider the application of statistical
control methods is in receiving raw materials. This may be in the form of
purchased finished goods to be used in assembly of the raw materials to be
processed. If statistical methods are not used here (and they may not be
necessary), the systems are usually of the following types: A complete
inspection or screening of all items; a spot check conducted without any
real statistical basis; and the use of standards arrived at as the result
of experience alone. Usually improvements can be achieved if the present
system is one of the first two. Here, again, it will depend on the actual
material as previously mentioned in Chapter III. If material is being
•
^7
accepted as a result of the latter method, no change to the statistical
method should "be made until further complete studies have "been undertaken.
Experience is a very sound factor in setting quality standards and any
change should he approached cautiously. Frequently the trusted stock: clerk
does not know why he conducts his inspections as he does hut, statistically,
they may well he sound and the standards he uses well founded.
Another place where the application of statistical standards may
he desirahle is "between manufacturing operations. The earlier in the pro-
cess a defective part is detected, the more the actual savings. Savings
may he realized in time, money, and future difficulties. This is especially
true where the defective part is to he used in an internal assembly. How-
ever, the cost of doing the actual sampling must he halanced
. against the
amount saved. Good cost accounting procedures and sound manufacturing
techniques that in themselves are stable are essential.
The third of the more ohvious applications of statistical control
is in final inspection. It may he argued, on occasion, that screening of
all finished products should he accomplished. This, "because of the human
error previously mentioned, does not give as good results as does a well-
planned statistical method. The term "finished goods" here applies to
those products that move from department to department and are thus
finished goods as far as the first department is concerned. In this case
it is frequently more economical to accept the possibility of a percent of
defectives rather than inspect. In order to forestall arguments, the
acceptance standards should he expressed in terms of the plan followed.
Inspection carried out at the end of one department ' s work on a product may
serve as a measure of that department's efficiency.
.•
kQ
The theory of the application of statistical methods applied to
process control was discussed in Chapter IV. These methods are of the pre-
ventive type and thus are most useful and effective controls. Control
charts may apply to all phases of a specific manufacturing process,
especially if the process is rather simple. On the other hand, if there
are certain operations in the process that give most of the trouble, then
it usually is more economical, as veil as more effective, to apply the
control to these particular points. As in any control tool, the savings
and good will engendered must he balanced against the cost of the system.
The use of both process control and sampling for the same end
product is common. These two methods of statistical quality control
complement each other. The use of control charts on the process being
fabricated or running through the line gives assurance as to the quality
of the parts* Then the use of sampling gives the necessary verification
of the results of the process control. Also, the use of control charts
acts to warn of defective work and gives assurance of quality by using
economical statistical controls. Sampling inspection then acts as an
additional tool to check the results shown on the control chart showing
that the process is in control and functioning satisfactorily.
Prior to applying these statistical methods, one must have a thorough
understanding of the important factors involved. The installation should
be a joint effort and the quality control personnel should acquaint the
operators with the project from the beginning. The experienced men who are
actually performing the work can lend invaluable assistance in devising




With each application of quality control, written instructions
should he issued. These instructions should he as straightforward as
possible leaving out nonessential technical and statistical terminology.
When a procedure will he used for a considerable length of time, standard
forms should be devised. These forms should be carefully designed to give
complete information but to omit irrelevant data. Large quantities of
forms should not be printed until the operation has lieen in existence for
some time in order to obviate the necessity for making frequent changes
in the forms.
The application of statistical control measures should always be
under one group. When setting up the procedure, it is usually necessary
for the trained group to do the actual selecting of the points of applica-
tion, outline the process, and place the process in operation. Where the
operational people on the floor are of high caliber and are interested in
the project, much of the work in setting it up may be done by them. When
this is the case, the statistical group then acts merely as the guide and
overseer approving the methods and assisting in placing them in operation.
In addition to the initial phase, it is necessary to monitor the procedure
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QUALITY CONTROL CHART NUMBER
PRODUCT Drop Forged Hazataers PERIOD
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